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Preface 
 
The conference PNASC was devoted to current issues of fundamental and applied physics of nonequilibrium 
atomic systems and composites. Papers were combined into five sections. According to the decision of the 
organizing committee the proceeding also includes several papers from the discussions of the presentations at the 
conference. It has also been decided to divide some of presentations for two papers. Subject category includes 
papers in one of the rapidly developing areas of the physics of “soft matter” and hybrid systems, which may be 
considered to be the basis of the third technological way of creating adaptive technology. These include atomic 
cooperative phenomena and processes in hybrid nanosystems and polymers modified with carbon nanotubes, 
granular materials. These objects are disordered medium, the geometrical structure and properties are determined by 
their highly degenerate state with an infinite percolation cluster of nanopores, or carbon nanotubes. Membranes of 
these multi-layered carbon nanotubes nanomodified polymers possess several times higher permeability as 
compared with the original polymer without reducing the selectivity. The hybrid system of a liquid and disordered 
nanoporous medium has a number of recently discovered unique properties. So there is a dispersion transition, when 
reaching certain critical values of the degree of pore filling by liquid and the temperature nonwetting liquids are 
captured by random pore system in a “wetting” state. This state relaxes anomalously slow power-law, so that this 
system can be used in numerous applications, such as systems for thermal protection or self-regulated drug delivery 
at change the temperature of the body. Anomalously slow relaxation (extrusion of fluid) occurs as an unusual for 
physics of nonequilibrium phenomena in atomic systems process of self-organized criticality, when the collapse of 
the state of the cluster of captured nonwetting liquid leads to the critical conditions for the collapse of the state of the 
liquid clusters in other stages. 
 
In the same section are placed two papers on the analysis of the formation of defects in the multi-structure of 
carbon fiber in the process of formation from PAN fibers based on statistics of rare events (Levy statistics) and 
association between mechanical properties of HC-fiber and composite properties. 
 
The second section includes papers devoted to nonequilibrium molecular selective phenomena and management 
methods for separating mixtures. Several reports discusses the effectiveness of separating isotopes of uranium and 
other heavy elements (Mo) by a gas centrifuge and use a cascade of gas centrifuges for recycling nuclear fuel. This 
section describes the papers devoted to the selective gas transport in polymer membranes, the use of recycle in the 
gas separation membrane to separate helium from natural gas, the development of the compact membrane-sorption 
devices providing artificial gas atmosphere. Three papers focus on the development of sorption-reagent water 
treatment technology using self-organized mesoporous materials. In a separate paper effective solution to stabilize 
the domestic well-known problem in the flow of the cryogenic distillation column for the separation of isotopes of 
oxygen and nitrogen is discussed. 
 
Discussed in the papers disordered porous media are formed from colloidal system resulting in a sol-gel 
transition. Thus there is a disordered pore structure and skeleton of the porous medium. Colloidal systems, 
disordered porous media as well as polymers and nanomodified polymers usually attributed to the glass-like 
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mediums that are experiencing the glass transition. Such mediums include granular matter and consisting of solid 
particles of 310 10y nm. A characteristic feature of granular systems with low polydispersity preventing 
crystallization is to observe them jamming transition, which apparently resembles a glass transition. As a result of 
jamming transition granular system undergoes compaction and turns in a disordered medium high density. This 
section “Granular matter” includes papers on the experimental study of the compaction methods using high-voltage 
discharge and a pulsed magnetic field. The problems of compacting bimodal materials, creating gradient structures, 
the effect of pressure on the process of pulsed compaction. 
 
Cooperative phenomena and molecular selective processes in porous media and nano-modified polymer 
membranes require the analysis of the motion of the liquid and gas in the nanometer size pores and channels, which 
relates to extreme fluid dynamics - nanofluidics. For such applications, the characteristic value of the Reynolds 
number is extremely small 6Re 10 . The movement of gas and condensed matter in the opposite limit of large 
Reynolds number also applies to extreme fluid dynamics. Such studies are conducted at the Center “Nonequilibrium 
atomic systems and composites” (MEPhI). Analysis of extreme fluid dynamics is needed to describe the separation 
of isotopes, molecular and colloidal mixtures in centrifuges and centrifugal fields scale 610  of gravity acceleration. 
Problems of description of the extreme fluid dynamics phenomena are relevant in the study of the possibility of 
obtaining material under shock and detonation waves. Papers on this topic are collected in the fourth section 
“Extreme fluid dynamics”. 
 
The study of phenomena and processes in nonequilibrium atomic systems and composites requires the use of 
various physical and chemical methods, and methods of mechanics. The third section “Instruments and methods of 
atomic systems study” combines reports on the development of new instruments and techniques for the study of 
nonequilibrium phenomena in atomic systems in the crystallization of amorphous alloys, nanoindentation and in  
studies roughness of nanostructured materials. Particular attention is paid to the development of new methods of 
manipulation of individual ions, ion beams, highly sensitive methods of mass spectrometric analysis of high-
molecular compounds, ion mobility spectrometry, and the use of these methods in metrology and nanometrology, in 
particular, to create a new generation of frequency standard. 
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Conference of Heterostructures for microwave, power and optoelectronics: physics, technology 
and devices (Heterostructures), 19 February 2015 
The Conference, organized in the frame of the Scientific Session MEPhI-2015, Moscow, Russian Federation, 
unites leading scientists and technologists working on the wide range of problems in the field of heterostructure 
microwave electronics and related topics. 
 
The Conference contributors represent various organizations: the Institutes of the Russian Academy of Sciences, 
the Industrial institutions, the Universities. The papers reflect the modern state and development of composite 
nanostructures, microwave electronics based on nanoheterostructures and other advanced functional materials. The 
topics are as follows: Fundamentals of nanoheterostructures; Microwave electronics; Semiconductor microwave 
devices: Fabrication, technology and performance; Heterostructures and superlattices, two-dimensional, one-
dimensional and zero-dimensional structures; Functional electronics and optoelectronics, sensors. 
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